According to first author Melinda C. Power, an assistant professor in the Milken Institute School of Public Health, George Washington University, the two leading mechanistic hypotheses for the effect of air pollution on brain health involve either vascular or inflammatory pathways. In this study, none of the markers of cerebrovascular health were associated with PM 2:5 in the overall or site-specific study populations.
"We think this result provides another piece of evidence that vascular pathways probably aren't the primary mechanism, if air pollution really does impact brain health," Power says. "Even though an association between PM 2:5 and stroke is well established, at least for moderate or high short-term exposure, studies looking at the association between air pollution [and] cognition also generally don't support the idea that vascular pathways are a primary mechanism." The brain volume findings, on the other hand, were less consistent. The authors reported weak evidence for an association between higher PM 2:5 and volume of deep gray matter (i.e., structures that include the basal ganglia, thalamus, and hypothalamus) when data were pooled across the four sites. Site-specific estimates showed evidence of lower volume with higher PM 2:5 in Maryland, Minnesota, and North Carolina; Minnesota was the only site where PM 2:5 was associated with significantly lower volume for the total brain as well as specific regions of the brain. For Mississippi, PM 2:5 was associated with larger brain volumes, especially in the temporal lobe, but most associations were very weak, and few were significant.
"The effect of air pollution may vary in different parts of the country," Power says, noting that some of the PM 2:5 distributions at the four sites did not even overlap, and that particle composition may vary as well. Site-specific sample sizes were too small to identify weak or nonlinear effects.
Lianne Sheppard, a professor of biostatistics and of environmental and occupational health sciences at the University of Washington, noted the inherent limitation of using a single MRI measurement as the primary outcome. "Since brain volume is really heterogeneous, it is hard to pick up a signal with the crosssectional design that was used here," says Sheppard, who was not involved with the study. "A longitudinal design with at least two MRI measurements per person would be much more powerful, especially since effects of air pollution, although real and important, are generally pretty subtle."
For Jordi Sunyer, however, the MRI data were a strength, given limitations in the exposure assessment from residential histories alone. "I believe part of the reason for the observed weak associations with brain [volume] is that the PM 2:5 model did not have enough resolution to accurately estimate long-term exposure, which resulted in limited variability," says Sunyer, a professor of preventive medicine and public health at Pompeu Fabra University in Barcelona, Spain, who also was not affiliated with the study. "But this is still a very important paper that provides a new piece of the puzzle connecting air pollution to brain health."
Going forward, analyzing a wide range of air pollution levels will be important, Power says, whether in geographically diverse data sets such as ARIC or with studies focused on smaller areas. "Since air pollution is such a ubiquitous exposure, even small effects have big public health implications," she says. "Our study has generated some new hypotheses, but more work is definitely needed to connect the dots."
